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Abstract
Nonorthogonal multiple access (NOMA) transpire out as a solution 
to revamp the problem of spectral efficiency, allowing some level 
of interference at receivers. Recently, relays are utilized to improve 
access of cell edge users. The utilization of relays improves spectral 
efficiency with reduced outage probability. In this paper, the relays 
used have the capability of performing successive interference 
cancellation (SIC) for the users connected to it and regenerates 
only the signals of the users connected to it. The cell edge users 
are accessible to the base station in an environment where multiple 
relays are available, and where the user selects the link with the 
best channel quality. The user’s mobility is also considered during 
time sub-slot and used while obtaining the user’s ergodic rate and 
outage probability in the presence of a higher signal to noise ratio. 
Simulation results are used to show the performance improvement 
of the proposed method as compared to available work in literature.
Keywords
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There is a severe strain on the current mobile 
communication system due to the significant increase 
in users and wireless applications. Each with its 
own set of transmission requirements, which needs 
to be satisfied by the communication system. This 
requirement is difficult to achieve with the current 
orthogonal multiple access technologies as it cannot 
meet the increased data demand. It falls short in a few 
performance areas such as spectral efficiency, user 
fairness, and compatibility. The system experiences 
low spectral efficiency due to the utilization of OFDMA, 
which does not consider the quality of the channel 
condition of each user when assigning resources. The 
lack of user fairness is a result of priority scheduling 
based on the user’s channel conditions (Zhao et al., 
2019; Al-Abbasi and So, 2016; He et al., 2016; Cheng 
et al., 2015; Aldababsa et al., 2018).
A multiple access technique, called Non-Orthogonal 
Multiple Access (NOMA) has been proposed to 
accommodate the increased data demands, by 
improving the sum-rate and spectral efficiency of the 
system (Fang et al., 2017; Xu and Cumanan, 2017). 
NOMA utilizes the power domain to service multiple 
users simultaneously by multiplexing them over the 
same resource; however, with varying power levels 
(Choi, 2017; Yang et al., 2016).
The analysis of secondary users in a NOMA base 
cognitive radio is explored in the study of Balyan (2020), 
whereby the NOMA power allocation is used. The users 
and system outage probability is derived and various 
parameters are used in the performance analysis.
NOMA implements superposition coding (SC) 
and successive interference cancellation (SIC) at the 
transmitter and receiver, respectively (Timotheou and 
Krikidis, 2015; Oviedo and Sadjadpour, 2018), and 
capitalizes on the varying channel conditions of the 
users.
NOMA has been the main focus in recent research, 
where crucial performance parameters of the wire-
less communication system have been explored. 
The ergodic capacity of a NOMA implemented MIMO 
system with transmitter channel state information 
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is explored in the study of Sun et al. (2015), where 
two power allocation schemes maximize the ergodic 
capacity of the system. The first PA scheme utilizes 
an algorithm to allocate power optimally but is very 
complicated. Thus, to reduce the computational 
complexity, the authors present a sub-optimal 
power allocation scheme. Simulations results give 
the superior performance of both PA schemes in 
comparison to OMA. In the study of Manglayev et al. 
(2016), an improvement in the system throughput with 
user fairness using a NOMA based power allocation 
scheme is reported. Like Manglayev et al. (2016), the 
results of a downlink NOMA system in Di et al. (2016) 
shows an improvement in user fairness and total sum-
rate when compared to OFDMA. It explores a joint 
scheme to maximize the downlink sum-rate of the 
single-cell NOMA system, where iterative algorithms 
based on a matching game concept perform the 
assignment of sub-channels and allocation of 
power. In the study of Fang et al. (2017), scheduling 
and power allocation of users is used to derive the 
sum-rate, which in turn is used to obtain the energy 
efficiency of the system. However, this results in a 
non-convex optimization problem. A separation of 
the user scheduling and power allocation into two 
individual problems results in the transformation 
of the optimization problem into a convex problem. 
After which, two separate user scheduling and power 
allocation algorithms perform the resource allocation.
The maximization of the energy efficiency of a hybrid 
downlink NOMA-OFDM system is the focus in the 
study of Shi et al. (2019) to capitalize on the advantages 
of each. They propose two resource allocating 
algorithms, one to optimally allocate resources and 
one low complexity resource allocating algorithm. Each 
algorithm contains two power allocating algorithms, 
one where the power consumption is limited and the 
other not, respectively. Results show the performance 
of the proposed schemes outperforms conventional 
OMA schemes. According to Ding et al. (2016), their 
downlink MIMO-NOMA system performs better than 
conventional MIMO-OMA in terms of power allocation 
coefficients selection. A system where all users have 
a fixed power allocation provides a baseline for the 
proposed precoding scheme, where simulation results 
show the superiority of the scheme in terms of outage 
probability. In addition to this, the authors implement a 
scheme to pair users with different channel conditions. 
Then two quality of service constraints is the basis of 
the power allocation coefficient selection. An antenna 
selection scheme for the downlink transmission of 
a MISO-NOMA channel is the focus in the study of 
Shrestha et al. (2016). The transmit antenna selection 
(TAS) is employed by the BS, where the antenna 
selection depends on the best sum-rate from the group 
of transmit antennas. A TAS-NOMA algorithm evaluates 
the sum rates of each antenna and selects the highest 
sum rate. According to the results, the utilization of this 
scheme results in an improved sum-rate.
In the study of Zeng et al. (2019), the uplink 
transmission of a NOMA implemented millimeter-wave 
massive MIMO system is the area of investigation. The 
channel conditions of users determine their cluster 
groupings, clusters consist of two users. A beamforming 
technique applied at the BS follows the application 
of NOMA to each cluster. After which an algorithm 
based on the quality of service performs the allocation 
of power, which results in the maximization of energy 
efficiency. However, the authors go a step further by 
using the SINR to remove the inter-cluster interference.
Results show that both schemes, with and without 
the removal of inter-cluster interference, perform 
better than OMA. In the study of Nasser et al. (2019), 
heterogeneous networks (HetNets) is explored, 
where they investigate the downlink transmission 
of a NOMA based MIMO system. Stage 1 of a two-
stage scheme focuses on the inter-cluster and co-tier 
interference of small-cell and macro-cell tiers, while 
stage 2 utilizes game tactics to perform the power 
allocation. Two separate algorithms execute stages 
1 and 2, interference alignment and coordinated 
beamforming (IA-CB) and non-cooperative game-
based power allocation, respectively. The proposed 
scheme outperforms MIMO-OMA and MIMO-NOMA 
HetNets concerning sum-rate and outage probability.
Minimizing the power consumption of the base 
station is the primary objective in the study of Bonnefoi 
et al. (2019). They utilize the benefits of NOMA and cell 
discontinuous transmission (Cell DTx) to design a power 
allocation scheme. With the implementation of Cell 
DTx, the BS employs two modes of operation, active 
and sleep mode, respectively. During active mode, the 
BS utilizes NOMA to aid users for a specific period, 
after which it enters sleep mode, which is an energy 
conservation state. The authors use the active state 
of the BS to derive the power allocation expressions, 
after which the utilization of KKT conditions result in 
optimal power allocation. A joint approach by Zhang 
et al. (2019) explore a MIMO-NOMA system where 
the effective capacity (EC) forms the basis of resource 
allocation. First, users are grouped into clusters using 
a CSI-based algorithm; then, a beamforming vector 
cancels inter-cluster interference. Two algorithms 
perform the channel and power allocation for a fixed 
power and channel allocation, respectively. A final 
algorithm performs the optimization of the EC-based 
power and channel allocation. Results show that 
the proposed algorithms are less complicated in 
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comparison to traditional algorithms. Yuan et al. (2019) 
develop a proportional rate constraint-based power 
allocation algorithm to increase the energy efficiency 
of a multi-carrier NOMA system, the derivation of the 
power allocation to maximize the energy efficiency 
results in a non-convex optimization problem. Due to 
the non-convexity, the problem is divided into two and 
solved individually; then, an algorithm performs the 
power allocation. According to results, the EE and SE 
outperform conventional OMA.
System model
The proposed model for the system is shown in 
Figure 1 which has one BS, three relays denoted 
by ri, i = 1, 2, 3 and four random users denoted as 
UEj, j = 1, 2, 4. The users change their positions from 
cell center users to cell edge users. The cell center 
users communicate directly with the BS, while the 
cell edge users use the relays for communication 
with the BS as they operate in half-duplex mode. 
The hj
BS  denotes the channel coefficient from the 
BS to user j and hj
r denotes the channel coefficient 
from a relay to user j. The channels are independent 
and are under the influence of Rayleigh fading. The 
channels are modeled as h CNj
BS
j
BS~ ,0 l( ). The cell 
center users’ channel conditions are better than the 
cell edge users. For cell edge users, a selected 
relay is used to forward signals from the BS 
using NOMA. As shown in Figure 1, a UE can be 
in the coverage area of one or more relays. A cell 
edge UE is connected to the BS in two hops, the 
communication link between the BS and relay is the 
relay link, and the communication link between a 
relay and UE is the access link. The UE selects the 
relay with the best channel coefficient in a specific 
time slot. The smartly equipped relays used in this 
paper can perform SIC by removing information 
signals of UEs not connected to it. In doing so, the 
relay avoids the unnecessary regeneration of signals 
for higher transmission power UEs. Thus, without 
this regeneration of other UEs signals, the relays can 
provide better service to the UEs connected to it.
Further, the time slot is divided into four sub-
slots denoted by t ksk, , ,..= 1 2 4 and t tskk= =∑ 1
4
. The 
channel conditions in a time sub-slot remain constant. 
All the time sub-slots are equal i.e. ts1 = ts2 = ts3 = ts4.
Time sub-slot ts1
Let UE1, UE2, UE3 and UE4 be active users. The status 
of these users according to their locations as shown 
in Figure 1, is (a) UE1 and UE2 are cell center user, 
(b) UE3 and UE4 are cell edge users. The channel 
conditions of the access link between UE4 and relays 
r3, r2 and r1 are worst, better, and best respectively, 
thus UE4 chooses r1 as its access link to the BS. 
The channel conditions of the access link between 
UE3 and relays r1, r3 and r2 are worst, better and best 
respectively, thus UE3 chooses r2 as its access link to 
the BS.
The superimposed signal UE1, UE2, UE3, and 
UE4 transmitted by the BS to the connected user 
equipment’s UE1, UE2 relays r1 and r2 is:
x t P P x t P P x t
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( ) = ( ) + ( )
+ ( ) + t s ss P x t1 14 ( )  
(1)
where x t x t x ts s s1 2 31 1 1( ) ( ) ( ), ,  and x ts4 1( )  are UE1, 
UE2, UE3, and UE4 data symbols with expected value 
equal to 1. The power allocation of BS is denoted 
by Ps, the power allocation coefficients for UE1, 
UE2, UE3, and UE4 are P P P P
t t t ts s s s
1 2 3 4
1 1 1 1, , and , also 
P P P Pt t t ts s s s1 2 3 41 1 1 1 1+ + + =  with P P P P
t t t ts s s s
1 2 3 4
1 1 1 1< < < . The 
received superimposed signals at UE1, UE2, r1 and r2 
are given as:
y t h x t N
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where Nr denotes the AWGN at respective user or 
relay.
Each UE must perform SIC on the received 
superimposed signal and decode the signals stronger 
than itself to extract its signal of interest. The signal 
with the strongest power or the signal with the worst 
channel conditions are decoded first. In this case, 
UE1 first decodes the signals for UE4, UE3 and then 
UE2. The signal to interference and noise ratio (SINR) 
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After removing the decoded SINR of UE2, UE3, 









































The throughput achieved by UE1 is:





















where nrb1 denotes the number of resource blocks 
assigned, of bandwidth B, and σ2 is the AWGN 
variance.
After receiving the superimposed signal, UE2 
performs SIC for UE3 and UE4. It first decodes the 
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(7)
After removing the decoded SINR of UE3 and UE4, 
the decoded SINR of the received signal of UE2 with 
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(8)
The minimum SINR of UE2 is:
a SINR SINRt t t
s
s s2
2 2 2 11
1 1
= ( )− −min ,  (9)
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The throughput achieved by UE2 is:
Th n B log arb
ts
2 2 2 21 1= +( )  (11)
The relay r1 decodes the signal of UE4 directly with 
interference from UE1, UE2, and UE3 still present. The 
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(12)
The relay r2 decodes the signal of UE4 and then 
removes the decoded signal to obtain the signal of 
interest for UE3 with interference from UE1 and UE2 
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(13)
Time sub-slot ts2
In this slot, the relays regenerate the new signals.
The signals generated by r1 and r2 are:
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The power allocation of relays are denoted by Pr1, 
and Pr2, and the power allocation coefficients for UE3 
and UE4 are P
ts
3
2 and Pts4 2. The received signal at the 
UE3 and UE4 are given as:
y t h x t N
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The minimum SINR of UE3 and UE4:
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The throughput achieved by UE3 and UE4 is:
Th n B log a
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Time sub-slot ts3
In this time slot, due to the mobility UE2 changes 
its position and uses relay r2 access link to connect 
with the BS. The BS transmits the superimposed 
signals of users 1, 2, 3, and 4 to the connected user 
equipment’s UE1, relays r1 and r2:
x t P P x t P P x t
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(22)
where x t x t x ts s s1 2 33 3 3( ) ( ) ( ), ,  and x ts4 3( ) are UE1, 
UE2, UE3, and UE4 data symbols with expected value 
equal to 1. The power allocation coefficients for UE1, 
UE2, UE3, and UE4 are P P P
t t ts s s
1 2 3







+ P P Pt t ts s s2 3 43 3 3 1+ + =  with P P P P
t t t ts s s s
1 2 4 3
3 3 3 3< < < . The 
received signals at the UE1, r1 and r2 are given as:
y t h x t N
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s s rx t N( ) +  
(23)
where Nj, j = 1, 2, and Nr denotes the AWGN at res-
pective users or relays.
To retrieve its signal of interest, UE1 uses SIC on 
the received superimposed signal to decode the 
signals meant for relays r1 and r2. In this case, the 
signal for UE3 is decoded first and then UE4 followed 
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After removing decoded SINR of UE2 UE3, and 








































The throughput achieved by UE1 is:





















The relay r1 decodes the signal of UE3 directly with 
interference from UE1, UE2, and UE4 still present. The 
decoded SINR at relay r1:
SINR
P P h
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(28)
The relay r2 decodes the signal of UE3 and then 
removes the decoded signal. It then decodes the 
signal of UE4 with interference from UE1 and UE2 still 
present. Finally, r2 decodes the signal of UE2 with 
interference from UE1 still present. The decoded SINR 
at relay r2 are:
SINR
P P h
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Time sub-slot ts4
In this slot, the relays regenerate the new signals.
The signals generated by r1 and r2 are:
x t P P x t
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(30)
The power allocation coefficients for UE2, UE3, and 
UE4 are P P P
t t ts s s
2 3 4
4 4 4, and , also P Pt ts s2 34 4 1+ = , P P
t ts s
2 4
4 4< . 
The received signal at the UE2 and UE4 are given as:
y t h x t N
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The received signal at the UE3 is given as:
y t h x t Ns
r
s sr3 3 34
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The minimum SINR for UE2 and UE4:
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The minimum SINR for UE3:
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The data rate of the UE2, UE3, and UE4 in time 
slot ts4 is:




2 1+( )  (39)
The throughput achieved by the UE2, UE3, and 
UE4 in time slot ts4 is:
Th n B log ax rbx x
ts= +( )2 1 4  (40)
where x  =  2, 3 and 4 and denote UE.
Outage probability
The outage probability (OP) is used to define the 
probability of occurrence of an outage event in the 
communication system. The outage event with respect 
to communication is the condition when a UE achieved 
rates (R) are less than the required rates. The outage 
probability of cell center use in this paper depends 
upon the direct link between UE and BS, while for a 
cell edge user, it depends upon both access and relay 
link.
OP for UE1
Let OE OEt ts s1 11 3, ,and  represents outage events for UE1 
in time sub-slots ts1 and ts3. The OP in ts1 and ts3 are 
denoted by P P OEt r ts s1 11 1, ,[ ]=  and P P OEt r ts s1 13 3, ,[ ]= .
The UE1 communication is interrupted, or an 
outage event may occur due to one of the possible 
events. If UE1:
1. Cannot detect signals of UE2, UE3 and UE4.
2.  Throughput is not able to achieve the target 
rate R in time sub-slot.
OP for UE1 in ts1
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OP for UE1 in ts3
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Let OE ts2 1,  and OE ts2 3,  represent outage events for UE2 
in time sub-slots ts1 and ts3. The OP in ts1 and ts4 are 
denoted by P P OEt r ts s2 21 1, ,[ ]=  and P P OEt r ts s2 13 3, ,[ ]= .
OP for UE2 in ts1
The UE2 communication is interrupted, or an outage 
event may occur due to one of the possible events. If UE2:
1. cannot detect signals of UE3 and UE4.
2.  Throughput is not able to achieve target rate R 
in time sub-slot ts1.
P P OE P OE OE OE
P
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OP for UE2 in ts3 and ts4
The UE2 communication is interrupted, or an outage 
event may occur due to one of the possible events. If 
UE2:
1. Cannot detect signals of UE3 by relay and UE4.
2.  Throughput is not able to achieve the target 
rate R in time sub-slot ts4 and if UE2 signal is not 
detected by the relay in time sub-slot ts3.
Also, ts3 = ts4.
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OP for UE3 in ts1 and ts2
The UE3 communication is interrupted, or an outage 
event may occur due to one of the possible events. If UE3:
1.  Signal is not detected at the relay r2 in time 
sub-slot ts1.
2.  Throughput is not able to achieve the target 
rate R on access link in time sub-slot ts2.
Also, ts1 = ts2.
P P OE P OE OE
P R R R















































































= − − ≥( )  − ≥( ) 




















F R P t log SINR R
F R
e





































































































F R P t log SINR R
F R e


















( ) = +( ) <( )
























































































































































Resource allocation for NOMA based networks using relays: cell centre and cell edge users
OP for UE3 in ts3 and ts4
The UE3 communication is interrupted in these time 
subs lots due to an outage event and may occur due 
to one of the possible events. If UE3:
1.  Signal is not detected at the relay r1 in time 
sub-slot ts3.
2.  Throughput is not able to achieve target rate R 
on access link in time sub-slot ts4.
Also, ts3 = ts4.
P P OE P OE OE
P R R R
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OP for UE4 in ts1 and ts2
The UE4 communication is interrupted, or an outage 
event may occur due to one of the possible events. If UE4:
1.  Signal is not detected at the relay r1 in time 
sub-slot ts1.
2.  Throughput is not able to achieve the target 
rate R on access link in time sub-slot ts2.
Also, ts1 = ts2
P P OE P OE OE
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OP for UE4 in ts3 and ts4
The UE4 communication is interrupted in the time 
subs lots due to an outage event and may occur due 
to one of the possible events. If UE4:
1.  Signal is not detected at the relay r2 in time 
sub-slot ts3.
2.  Throughput is not able to achieve target rate R 
on access link in time sub-slot ts4.
Also, ts3 = ts4.
P P OE P OE OE
P R R R
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The total system outage event is the condition 







= − − −
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(82)
where fy(y) and Fy(y) denotes cumulative distribu-
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(83)
SINR is denoted by y, where F
SINRts1











































Since the channel is complex Gaussian distribution 
and | |hBS1
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UE2 Ergodic rate: time slot ts1:
F y P a y P a y
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The closed-form expression of F ySINRts1
2 ( ) can be 
obtained by considering a high SINR situation for 
which transmission power of BS is infinite, i.e., Ps → ∞, 
which changes:
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UE3 Ergodic rate: time slot ts2.
F y P a y P a y
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=  and s l l l l2
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UE3 Ergodic rate: time slot ts3–4.
F y P a y P a y
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For the closed-form with P Ps r→ ∞ → ∞, 1  and 
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(116)
UE4 Ergodic rate: the ergodic rate in the time slot 
ts1–2 is:
F y P P y P P y
















( ) = ≤( ) = − >( )















− >( ) >( ) >( )
= − − − y F y F y FSINR SINR SINRts tsr ts
( )






























































































































































































1 2 1 1 4
1
4
1 1 1 1
1
−
( ) = −




















































=  and s l l l l2 1 1 1 11 2 1 1 41P P P Ps BS s BS s rBS r r a+ + +( ) = .
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=  and s l l l l2 1 1 1 11 2 22 2 42P P P Ps BS s rBS s r r r a+ + +( ) = . 



























where c – b > 0, c + 1 > 0 and b + 1 > 0.
The total ergodic rate of the system or the system 
ergodic sum rate is:
E E E E E E E
E
t t t t t t
t
s s s s s s
s
= + + + +
+ +
− − − − − −
−
1 1 2 2 3 3
4








Using the equation below the power coefficient matrix 
denoted by pc_m is generated:
P P P P
P P
P P P P
t t t t
t t
t t t
s s s s
s s
s s s
1 2 3 4
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1.  Initialize the number of users n and time sub-
slots k. The power matrix p_m = zeros(n, k). 
The pc_m = zeros(n, k) and time matrix t_m = 
zeros(n, 1).
2.  Find the number of cell center users (nc) and 
cell edge users (ne)
3.  Calculate Pn tsk, .
4  For j = 1:n
5.  If FI > FIF
6.  If (nc > ne)
7.  FI = FI – a, 0.5 ≤ a ≤ FI
8  Else nc<< ne
9.  p_m( j,:) = pc_m( j,:), t_m( j,:) = tsj
10. End
11 . Else FI < FIF
12. If nc < ne
13. FI FI FI FI FI FIF F= + −( ) = −2
14. p_m( j,:) = pc_m( j,:), t_m( j,:) = tsj
15. End
16. End
17.  Allocation Matrix = t_m p_m
The algorithm checks the number of cell center 
users and cell edge users. When cell center users are 
more, the fairness index must be less than 0.5.
Simulation results
The simulation model is shown in Figures 1 and 2. 
The model has one BS, three relays (r1, r2, and r3) and 
four users (UE1, UE2, UE3 and UE4). The relay works in 
half duplex mode. For ts1 and ts2 time sub-slots UE1 
and UE2 are cell center users, while UE3 and UE4 are 
cell edge users using relays r2 and r1. For ts3 and ts4 
time sub-slots UE1 is a cell center user while UE2, UE3, 
and UE4 are cell edge users. The UE2 and UE4 are 
connected to relay r2. The UE3 is connected to relay 
r1. The value of Ps = 25 ~ 50 dB, Pr2 = 12.5 ~ 25 dB 
and Pr1 = 0.3Ps. The channel variances for Figure 1 
are l1
41BS = − , l2
40 8BS = −. , .lr
BS
1
0 4 4= − , .lr
BS
2
0 5 4= − , 
l3
42 0 3r = −. , and l4
41 0 3r = −. . The channel variances for 
Figure 2 are l1
41BS = − , .lr
BS
1
0 4 4= − , .lr
BS
2
0 5 4= − , 
.l2
42 0 3r = − , l3
41 0 3r = −. , and l4
42 0 4r = −. . The target rate 
R = 0.3 bps/Hz and the fairness index factor is FIF. 
The power allocation algorithm is from Fang et al. 
(2017). The users theoretical and simulated rates are 
compared in Figure 3 for FIF = 0.5. The theoretical 
and simulated values of rates are closer to each 
other. An increase in transmission power of each user 
increases the corresponding rates. The rates of user 
UE1 increases in all the time sub-slots as it is always a 
cell center user. The situation for UE2 changes in time 
sub-slots ts3 and ts4 when it becomes a cell edge user 
which leads to a lower growth rate in these sub-slots. 
For UE3 and UE4, the growth of rate is slow in all time 
sub-slots as they are always cell edge users.
The user’s outage probability and transmission 
power are compared in Figure 4. The use of different 
transmission power requires different power 
allocation adopted from (Fang et al., 2017). The plot 
15
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS
of outage probability with transmission power is non-
linear for fairness FIF = 0.5.
The outage probability of the system is compared 
with the equal time transmission approach in 
Figure 5. When transmission power is lower, the 
outage probability of the proposed system is low, 
while the performance of the two systems is closer 
when the transmission power is high. The user 
rates of the system are compared with the variation 
in the fairness index in Figure 6 with a maximum 
transmission power of all devices. The rates of cell 
center users decrease with the increase in the fairness 

















































index while the rates of cell edge users increase. For 
UE1 rate decreases with an increase in FI. For UE2 in 
the first two time sub-slots the rate decreases and 
as it moves from position of relay user to single hop 
communication user. The system rate also decreases 
at a lesser rate in the last two sub-slots.
Conclusion
In this paper, relays are used for cell edge users 
which improves spectral efficiency for NOMA 
network with relays. Initially, the scenario of two-hop 
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Figure 3: Users theoretical and 
simulated results.
Figure 4: User’s outage probability and 
transmission power.
Figure 5: Outage probability of the 
system.
Figure 6: User rate and fairness index.
communication is explained in the time sub-slots. The 
relays are used for two-hop communication which 
reduces the outage probability. The expressions for 
outage probability and ergodic rates considering 
the mobility of the users during one-time slot are 
derived. The simulations are done with fairness and 
without fairness (equal time), considering its effect on 
both cell center and cell edge users. The proposed 
algorithm improves the system’s rate significantly 
during the consideration of fairness among users. In 
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future work, can be done considering multi hops and 
reducing complexity associated with them.
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